AD-778  214 


PHYSIOLOGICAL,  BIOCHEMICAL,  AND 
PSYCHOLOGICAL  RESPONSES  IN  AIR  TRAFFIC 
CONTROL  PERSONNEL:  COMPARISON  OF  THE 
5-DAY  AND  2i2-l  SHIFT  ROTATION  PATTERNS 

C.  E.  Melton,  at  al 

Federal  Aviation  Administration 
Washington,  D.  C. 

December  1973 


DISTRIBUTED  BY: 


iniimi  iicmkm  sniiMmi  Mifici 

U.  S.  DEPARTMENT  OF  COMMERCE 

5285  Port  Royal  Rout.  Sprimfitld  Va.  22151 


TECHNICAL  REPORT  STANDARD  TITLE  PACE 
3.  RMi#i«ii*i  CataUf  N*. 

fid  77f^// _ 

5.  !!•••#»  0«t« 


1*  lUf^rtN*. 

PAA-AM>73-22 


2.  Gtv^pfwnvfit  Acc«ttl«#i  N«. 


i.  Till*  mnt  SuktIH* 

PHYSIOLOGICAL,  BIOCHEMICAL,  AND  PSYCHOLOGICAL  RESPONSES 
IN  AIR  TRAFFIC  CONTROL  PERSONNEL:  COMPARISON  OF  THE 
S-DAY  AND  2-2-1  SHIFT  ROTATION  PATTERNS 


Oat* 

Decenber  1973 


S.  P*fl*i«iiiif  Orimiiatiwi  C*^ 


7.  A»*n>(»)c.  E.  Melton,  J.  M.  McKenzie,  R.  C.  Smith, 
B.  D.  Poll*,  E.  A.  Hlgglni,  S.  M.  Hoffmann, 

G.  E.  Funkhomar.  and  J.  T.  Saldivar _ 


I.  Pcrfarnilnf  OrfMl  latlm  R«p*rt  N*. 


t.  P*>l*niilnf  Ort«nii*fl»n  Nam*  m>4  AMraii 

FAA  Civil  Aeromcdlcai  InaCltuCe 
P.  0.  Box  25082 

Oklahoma  City,  Oklahoma  73125 


10.  WaHi  Unit  N*. 


1 1 .  Cxitracl  cr  Grant  N*. 


1 3.  T yp»  ml  Raaarf  anO  PafiaO  CavaraO 


1 3.  Sfanaarinf  Afatiay  Naaia  anO  AMratt 

Office  of  Aviation  Medicine 
Federal  Aviation  Administration 
800  Independence  Avenue,  S.  W. 
Washington,  D.  C.  20591 


lA.  Saaoiarinf  Afancir  CaS^ 


IS.  Sayalaaiaatafy  Nataa 

Work  was  performed  under  Task  AM-B-72-FHY-55 


IS.  Aktiraat 


by 

NATIONAl  TECHN'ICAL 
INFORMATION  SFRV'CE 

U  S  Dep.irt'TM^nt  '  Commerce 
Springfield  VA 


Strtti  in  concrolltrs  on  the  straight  5-day  shift  was  determined  at  Houston  Intercon-| 
tlnental  Totwr  In  1970.  In  1971  controllers  on  the  2-2-1  rotation  were  studied  at 
the  same  tower.  Controllers  generally  prefer  the  2-2-1  to  the  straight  5-day  sched¬ 
ule  because  of  the  long  week  end  associated  with  Che  2-2-1.  Management  Is  concerned 
that  the  "quick  turnaround"  on  the  2-2-1  Is  a  stressor  that  could  compromise  Job  per-| 
formance.  Physiological  and  psychological  assessments  showed  no  significant  stress 
differences  on  the  two  schedules.  On  neither  of  the  schedules  did  the  conr Tollers' 
stress  levels  differ  from  the  general  population.  Urine  and  blood  analysis  .  I. owed 
Chat  day  work  on  the  5-day  rotation  was  generally  more  stressful  than  was  the  2-2-1. 
On  Che  day  shift  on  the  5-day  rotation,  controllers  slept  an  average  of  1  hour  and 
36  minutes  longer  per  night  Chan  they  did  during  a  week  on  the  2-2-1.  When  on  the 
mid  shift  on  Che  5-day,  controllers  slept  an  average  of  1  hour  and  2  minutes  less 
per  day  than  they  did  on  Che  2-2-1.  Results  of  State-Trait  Anxiety  Index,  Composite 
Mood  Adjective  Checklist,  and  Attitude  and  Shift  Experience  Questionnaire  shoV'«d: 

(1)  A-StaCe  >  A-Tralt,  (2)  A-State  >  after  work, (3)  mood  Index  <  after  work,  (A)  mood 
Index  >  for  5-day  shift  than  for  2-2-1  day  shifts, (5)  mood  Index  for  mid  shifts 
lower  than  for  day  shifts,  <6)  attitudes  and  satisfaction  favor  day  work.  Controller^ 
find  their  work  fatiguing,  moderately  anxiety  arousing,  and  satisfying.'^  It  was 
concluded  Chat  the  stress  differences  on  the  ttK>  rotation  patterns  were  too  slight  t^ 
be  of  real  significance  and  a  choice  between  them  would  have  to  rest  on  managerial 
considerations  rather  than  biomedical  ones. 
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L  Introdaetion. 

Many  shift  rotation  patterns  are  in  effect  at 
ATC  facilities  around  the  country;  however, 
most  are  variations  of  the  2-2-1  (2  evening 
shifts,  2  day  shifts,  1  mid  shift)  or  the  straight 
5-day  (5  consecutive  days  on  the  same  sliift) 
rotations.  When  facility  work  load  and  staffing 
level  permit,  controllers  will  usually  opt  for  the 
2-2-1  rotation  in  order  to  obtain  the  long  week¬ 
end  that  goes  with  it.  The  extended  time  be¬ 
tween  work  weeks  results,  obviously,  from 
“bunching  up’’  work  periods  during  the  week, 
thus  causing  briefer  |)eriods  (quick  turnarounds) 
between  shifts  than  would  otherwise  occur  (Fig. 
1).  When  the  straight  S-day  pattern  is  em¬ 
ployed,  controllers  work  the  same  8-hour  shift 
and  have  16  hours  off  duty  for  H  days;  they  then 
have  2  days  off.  On  the  2-2-1  rotation,  the  con¬ 
trollers  normally  work  a  different  shift  every 
day.  At  Houston  the  work  week  consisted  of  the 
1600-2400  shift  on  day  1.  1400-22(X)  on  day  2, 
0800-1600  on  day  6,  0700-1.500  on  day  4,  and 
2400-080'^  on  day  .5.  Figiire  1  shows  that  the 
time  between  shifts  on  the  2-2-1  pattern  ranges 
from  0  to  15  hours,  for  an  average  of  12  hours; 
thus  a  controller  can  put  in  a  40-hoHr  week  in 
88  hours,  leaving  an  80-hour  weekend.  On  the 
straight  5-day  rotation,  104  hours  are  required 
to  accomplish  40  hours  of  work.  The  weekend 
on  the  5-day  rotation  may  he  as  long  ns  72  hours 
if  a  controller  coming  off  a  day  shift  returns  to 
an  evening  shift,  or  ns  short  ns  .56  hours  if  he 
comes  back  on  a  mid  shift  (Fig.  1). 

The  desirability  of  the  2-2-1  rotation  is  ob¬ 
vious:  the  weekend  is  about  48%  of  the  7-dny 
(168-hour)  week;  the  controller  on  the  5-dny 
rotation  has  a  weekend  that  varies  from  33%  to 
43%  of  the  7-day  week. 

Management  generally  does  not  favor  the 
2-2-1  rotation,  alleging  that  the  quick  turn¬ 


around  does  not  allow  time  for  sufficient  rest 
l)etween  shifts.  Certainly,  0  hours  between 
shifts  does  not  allow  for  8  hours  of  bed  rest  when 
time  for  travel  and  meals  is  considered.  Con¬ 
trollers  sny  that  the  long  weekend  contributes  to 
a  better  life  and  that  they  return  to  work  more 
relaxed  and  refreshed  than  they  do  on  the 
straight  5-day  rotation.  Most  controllers  also 
prefer  the  single  mid  shift  feature  of  the  2-2-1 
to  the  five  consecutive  mid  shifts  on  the  5-day 
rotation.  That  contention  is  supported  by  data 
obtained  in  earlier  studies'-^  that  ehowetl  five 
days  of  shift  work  to  be  not  long  enough  for 
complete  adaptation  to  night  work  but  too  long 
because  of  the  accumulation  of  fatigue  resulting 
from  iKKir  quality  daytime  sleep. 

A  study  of  stress  in  air  traffic  control  special¬ 
ists  at  Houston  Intercontinental  Tower  was  car¬ 
ried  nut  in  July  and  August  1070.^  At  that  time 
the  5-day  rotation  pattern  was  in  use.  Later  that 
year  the  shift  pattern  was  changed  to  the  2-2-1 
rotation,  thus  affording  an  opjjortunity  for  study 
of  substantially  the  same  group  of  controllers  on 
both  rotation.^.  The  present  study  was  carried 
out  in  July  and  .Viigiist  of  1071.  The  purpose 
of  the  e.\i»erinient  was  to  compare  the  levels  of 
various  stress  indicators  on  the  two  shift  rotation 
patterns. 

II.  Methods. 

Nineteen  controllers  volunteered  to  participate 
in  the  study:  twelve  were  journeymen,  five  were 
supervisors,  and  two  were  trainees;  twelve  of 
them  had  .served  as  .subjects  on  the  previous 
project.  The  techniques  employed  were  the  same 
ns  those  used  on  the  1670  project  and  descrilied 
in  an  earlier  reimrt.*  Briefly,  the  elect rf/cardio- 
gram  was  recorded  continuously  on  tape  through¬ 
out  every  work  |)eriod.  Trine  was  collected  by 
each  subject  when  he  arose  each  morning  (speci- 
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A  2-2-1  rotation 

B  Straight  5-day  rotation  —  doy  shift  back  on  to  day  shift 

C  Straight  5-day  rototion  -  day  shift  back  on  to  evening  shift 

D  Straight  5-day  rotation  — doy  shift  back  on  to  mid-shift 


8  hour  work  period 

Hours  off  between  work  periods  —  overage  of  12  hours  on  the 
2-2-1  rotation}  16  hours  on  stroight  5-day  rotation 

Hours  off  between  work  weeks  (off-duty  doys) 


Fioiig  1.  Graphic  rcprcaentatlon  of  n  week  on  the  2-2-1  and  .Vday  rotatlone.  The  wi«k8  ahown  beirin  on  Mon¬ 
day;  however,  a  controller's  work  week  may  start  on  any  day  and  his  weekend  will  necessarily  be  days  other 
than  Saturday  and  Sunday. 


men  Xo.  1),  during  the  first  4  hours  (specimen 
No.  2)  and  the  laat  4  liours  (sitecimen  Xo.  3)  of 
each  shift.  Blood  specimens  were  taken  from 
each  subject  when  he  began  his  work  week  and 
again  at  the  end  of  his  work  week.  Urine  was 
analyzed  for  epinephrine,  norepinephrine,  17- 
ketogenic  steroids,  sodium,  potassium,  and  creati¬ 
nine.  Blood  plasma  was  analyzed  for  total 
phospholipid  and  phosphatidyl  glycerol.' 

Each  subject  completed  a  series  of  question¬ 
naires  and  psychological  tests  before  and  after 
each  shift  under  consideration.  The  following 


techniques  were  used  to  assess  mood,  anxiety,  and 
attitude: 

1.  The  State-Trait  Anxiety  Inventory  (STAI) : 
This  questionnaire,  developed  by  Spielberger, 
Gorsuch,  and  Lushene,'”  consists  of  two  scales 
which  ask  the  respondent  to  respond  to  items 
concerning  his  general  (A-trait)  and  current 
(A-state)  anxiety  levels.  F]ach  scale  is  comprised 
of  20  items  which  the  res|>ondent  rates  on  a  four- 
point  scale.  A  typical  item  would  be  “I  feel 
tense,”  which  would  be  rated  from  “almost  al¬ 
ways”  to  “almost  never”  for  A-trait,  and  from 
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“very  much  so*’  to  “not  at  all"  for  A-state.  The 
A-State  Scale  was  administered  to  each  subject 
before  and  after  each  shift  under  consideration; 
the  A-Trait  Scale  was  only  administered  before 
the  first  shift  of  the  work  week. 

2.  Composite  Mood  Adjective  Checkl'st 
(CMACL) :  The  CMACL,  as  develoi^ed  by 
Malmstrom,’  was  used  to  assess  affective  states 
before  and  after  selected  shifts.  T'lis  list  con¬ 
sists  of  80  adjectives  (e.g.,  angry,  sleepy,  happy) 
rated  by  the  subject  on  a  nine-iraint  scale  from 
‘•not  at  air  to  “definitely,"  descriptive  of  his 
current  feelings.  The  CMACL  was  completed 
before  and  after  each  shift  on  the  2-2-1  schedule, 
and  before  and  after  the  day  and  mid  shift  se¬ 
quences  on  the  5-day  schedule. 

3.  Attitude  and  Shift  Exi^erience  Question¬ 
naire:  Before  each  shift  the  subjects  completed 
a  questionnaire  to  indicate  their  attitudes  toward 
working  the  upcoming  shift  (e.g..  How  much 
are  you  looking  forward  to  working  today  f 
How  do  you  feel  today!)  on  five-point  rating 
scales.  For  the  specific  questions  refer  to  Ap¬ 
pendix  1.  After  the  shift  a  corresponding  ques¬ 
tionnaire  was  completed  and,  in  addition  to 
indicating  their  attitudes  and  feelings,  the  sub¬ 
jects  were  askecl  to  rate  the  shift  in  terms  of 
difficulty  and  satisfaction. 
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In  addition  to  the  various  physiological,  bio¬ 
chemical  and  inychological  measures,  each  par¬ 
ticipant  was  asked  to  re|x>rt  the  number  of  hours 
of  sleep  obtained  prior  to  reporting  for  work. 
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III.  Results. 

Ph ytioloyicaJ’liiochemical  MecuureH 

A.  Heart  rate.  Table  1  shows  a  comparison 
Iwtween  various  work  i)ositions  during  day/ 
evening  work  and  mid  shift  work  on  the  two 
shift  rotation  patterns.  Statistically  significant 
dilTerences  occur  on  the  mid  shift  with  the  aver¬ 
age  heart  rate  being  higher  on  the  2-2-1  rotation. 
Table  II  shows,  where  data  are  suflicient  for 
statistical  test,  that  there  are  no  significant  dif¬ 
ferences  during  day  work  between  heart  rates  on 
the  two  shift  rotation  patterns  for  the  various 
work  positions.  Table  Ill  shows  only  one  point 
of  statistically  significant  difference  between  mid 
shift  positions  on  the  two  rotations:  approach 
control  radar.  Most  of  tlie  mid  shift  data  in 
Table  III  are  insufficient  for  statistical  compari¬ 
son  because  of  the  fact  titat  only  one  controller 
was  in  the  cab  and  one  in  the  radar  room.  When 
the  different  |>ositions  are  considered  separately, 
data  for  each  of  tliem  become  scanty.  Table  I 
shows  data  combined  for  tlie  various  |>o.sitions. 

Within  the  group  on  the  2-2-1  rotation  there 
are  no  |Miints  of  stati.stically  significant  differ¬ 
ence  Ijetween  work  ixisitions. 

B.  Urine  Chemistry  (Table  IV), 

1.  Epinephrine  (E).  There  was  no  significant 
difference  in  E  excretion  by  the  two  groups  dur¬ 
ing  day  work.  A  significantly  elevated  excretion 
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of  E  occurred  during  nocturnal  sleep  by  the 
group  on  the  2-2-1  rotation;  however,  E  excre¬ 
tion  over  an  entire  week  of  day  work  was  slightly, 
but  insigniKcantly,  higiier  than  E  excretion  over 
a  week  on  the  2-2-1  rotation. 

When  the  mid  shifts  were  similarly  compared, 
the  excretion  of  E  was  significantly  elevated  in 
the  2-2-1  group,  exce(>t  during  day  sleep  when 
the  two  groups’  E  excretion  was  equal. 

2.  Norepinephrine  (NE).  NE  excretion  was 
significantly  greater  during  day  work  on  the 
5-day  rotation  than  on  the  2-2-1  rotation.  There 
was  no  significant  difference  in  NE  excretion 
during  nocturnal  sleep  on  the  two  rotation  pat¬ 
terns.  The  entire  week  of  day  work  caused  a 
significantly  higher  excretion  of  NE  than  did  the 
2-2-1  rotation. 

There  were  no  significant  differences  in  NE 
excretion  by  controllers  on  the  mid  shifts  of  the 
two  rotation  patterns.  Likewise,  NE  excretion 
did  not  differ  significantly  during  day  sleep  on 
the  two  rotation  patterns. 

3.  17-Ketogenic  steroids  (KGS).  KGS  excre¬ 
tion  was  significantly  higher  during  the  first  half 
of  the  mid  shift  on  the  2-2-1  rotation  than  it 
was  during  the  comparable  i)eriod  on  the  .j-day 
rotation.  That  trend  was  reversed,  however, 
during  day  sleep  when  KGS  excretion  was  sig¬ 
nificantly  elevated  in  the  Ti-day  group.  When 
the  KGS  data  were  normalized  as  iwrcent  of  the 
baseline  (night  sleep  s|)eci men  I)-.3),  adrenocorti¬ 
cal  responsiveness  was  seen  to  Ije  significantly 
higher  in  the  2-2-1  group  during  the  first  half 
of  the  mid  shift  and  for  the  whole  week  than  it 


was  on  the  mid  shift  in  the  5-day  group.  Day 
work  was  characterized  by  significantly  elevated 
KGS  excretion  by  the  5-day  group.  The  differ¬ 
ence  between  the  groups  was  not  seen,  however, 
during  nocturnal  sleep.  When  a  week  of  day 
work  on  the  5-day  rotation  was  compared  to 
day /evening  work  on  the  2-2-1  (D-:t  specimen), 
it  was  apparent  that  the  5-day  rotation  was  sig¬ 
nificantly  more  stressful  than  was  the  2-2-1  ro¬ 
tation.  Adrenocortical  resiransiveness  (%  base¬ 
line)  was  not  significantly  different  in  the  two 
groups. 

4.  Sodium  (Na)  and  Potassium  (K).  Na  ex¬ 
cretion  and  K  retention  were  characteristic  of 
the  2-2-1  rotation  on  both  the  day  and  mid 
shifts,  with  the  exception  of  Na  excretion  on  the 
first  half  of  the  day  shift.  The  two  rotation 
patterns  could  not  be  distinguished  on  the  basis 
of  the  Xa/K  ratio,  however,  for  either  day  shift 
or  mid  shift. 

5.  Phospholipids.  Table  V  shows  that  there 
are  no  points  of  statistically  significant  difference 
between  the  two  work  schedules  as  far  as  total 
plasma  phospholipids  are  concerned.  However, 
the  two  shift  rotation  patterns  can  be  differen¬ 
tiated  significantly  on  the  basis  of  phosphatidyl 
glycerol  levels  in  the  controllers’  plasma  speci¬ 
mens,  with  the  higher  value  occurring  in  connec¬ 
tion  with  both  the  day  shift  and  mid  shift  of  the 
5-day  rotation.  When  the  change  in  phospholipid 
levels  over  the  work  weeks  ({lostwork  minus 
prework  levels)  on  the  two  rotation  patterns  are 
compared,  there  are  no  points  of  significant  dif¬ 
ference  in  either  total  phospholipid  or  phos¬ 
phatidyl  glycerol  levels. 

PftifchoJogical  Mewmret 

A.  STAI.  The  findings  for  the  two  scales  of 
the  STAI  are  summarized  in  Table  VI.  There 
were  no  significant  differences  between  the  anx¬ 
iety  levels  of  the  two  controller  groups  ns  n  func¬ 
tion  of  shift  rotation  schedule. 

Controllers  under  both  shift  rotation  schedules 
had  significantly  higher  mean  A-state  than  A- 
trait  scores  for  both  comparisons).  In 

addition,  the  A-state  level  was  significantly 
higher  after  work  than  it  had  been  before  shifts 
(p<.0.‘>  or  less  for  each  comparison).  There 
also  np|>eared  to  lie  a  slight  tendency  for  A-statc 
levels  to  lie  higher  in  asstn-iation  with  mid  shifts 
than  other  shifts;  however,  the  differences  were 
not  statistically  significant. 
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Urine  Chealscry 
S-day  vs  2-2-1  Rotation 
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TABLE  V 


Plasaui  Phoiphollplda 
S'day  vs  2-2>l  Rotation 


.  Total  Lipid  Phosphorus 

Phosphatidyl  Glycerol 

Prework 

S-dey 

2406  ±  250.19  (s.d.) 

34.23  jh  4.16  (s.d.) 

2-2-1 

2211  +  186.43 

27.48  ±  3.62 

p* 

N.S. 

p  <  0.01 

Post work 

S-dsy 

2242  ^  226.70  (s.d.) 

35.16  4-  5.44  (s.d.) 

(day  shift) 

2-2-1 

2222  ^  181.60 

28.42  +  3.49 

P 

N.S. 

p  <  0.01 

Post work 

S-dey 

2392  4-  216.44  (s.d.) 

33.19  4>  5.35  (s.d.) 

(■Id  shift) 

2-2-1 

2227  ±  165.88 

29.07  +  3.70  (s.d.) 

P 

N.S. 

p  <  0.01 

Prework 

S-dsy 

14.40  4>  51.82 

1.47  4-  3.50 

Post work 

(day  shift) 

differences 

2-2-1 

26.80  +  41.60 

0.80  +  5.37 

P 

N.S. 

N.S. 

Pre  work 

5-dsy 

-13.92**  +  66.46 

-1.03  4-  4.34 

Post work 

differences 

2-2-1 

16.00  ^  46.63 

1.59  +  5.30 

P 

N.S. 

N.S. 

*  paired  t  test 

**  Prework  values  higher  than  postwork  values. 


B.  CM  ACL.  The  CMACL  data  were  scored 
for  the  15  mood  factors  developed  by  Mnimstrom* 
and  for  an  overall  index  proposed  by  Smitli.*'* 
The  findings  for  the  controllers  under  the  5-day 
shift  rotation  schedule  are  discussed  at  length  in 
a  previous  publication.*  The  results  presented 
within  this  section  will  be  concerned  primarily 
with  the  comparisons  between  the  5-day  and 
2-2-1  shift  schedules. 


The  mean  overall  affect  index  of  6.94  (range 
of  possible  values  was  one  to  nine)  for  control¬ 
lers  under  the  5-day  schedule  did  not  differ  sig¬ 
nificantly  from  the  mean  of  6.88  for  controllers 
on  the  2-2-1  schedule  (the  higher  the  index,  the 
more  positive  the  affect).  In  both  groups  there 
was  a  significant  decline  (Table  VII)  in  the 
overall  index  from  preshift  to  |)ost8hih  assess¬ 
ments  (p<.01  for  both  comparisons).  Also  in 
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1ABLE  VZ 


Mean  A-Stata  and  A-Ttaic  law  Scotaa  for  Air  Traffic  Concrollars 
Undar  IWo  Shift  lotation  Schedules 


Wttch 

TIm 

5-d«y 

Rotation  Schedule 

2-2-1 

A-Trelt 

30.0 

29.3 

A'Stace 


Dey 

Pre 

29.4 

30.6 

Post 

35.2 

34.9 

Evening 

Pre 

•••• 

31.5 

Poet 

mmmm 

33.9 

Mid 

Pre 

31.3 

32.1 

Post 

35.8 

36.2 

both  groups,  the  mean  index  for  day  shifts  was 
higher  than  mid  shifts  (/^<.01  for  botli  compari¬ 
sons)  ;  liowever,  the  mean  index  for  the  day  shift 
was  liiglier  under  the  o-day  than  tlie  *2-2-1  sclied- 
ule  (y><.01).  There  was  no  ditTerence  between 
the  schedules  on  the  index  for  mid  shifts.  Within 
the  2-2-1  schedule,  there  was  n  significant  inter¬ 
action  (/><,01)  Iwtween  types  of  shifts  and  pre¬ 
shift  and  postshift  mood  assessment.  Jt  was 
found  that,  before  work,  tlie  mean  overall  index 
was  higher  for  evening  shifts  than  for  day  shifts 
or  mid  shifts  (/><.01)  for  each  comparison). 
After  work,  the  mean  overall  indices  for  evening 
and  day  shifts  were  equal  and  lower  than  the 
indices  before  work.  The  index  for  the  mid 
shifts  was  significantly  lower  than  for  both  the 
day  and  evening  shifts  (/><.01  for  l)oth  com¬ 
parisons). 


There  were  no  significant  effects  for  seven  siw- 
cific  mood  factors,  Aggnsaion,  Anxiety,  Anxioua, 
Depirsaioii,  iJiatniaf,  Dizzy,  and  Nonchalance. 

There  were  five  factors  on  which  differences 
between  the  two  shift  schedules  were  noted. 
Mean  Concent latioii  and  Social  Affection  scores 
were  higher  under  the  .'•-day  schedule  than  the 
2-2-1  schedule  (p<.05  for  both  comparisons). 
It  was  also  found  that  prior  to  day  shifts,  the 
mean  Vigor  and  Surgency  scores  were  higher, 
and  mean  Fatigue  scores  lower,  for  the  H-day 
than  for  *2-2-1  rotation  sche<lules  (/><.05  or  let¬ 
ter  for  each  comparison).  This  trend  continued 
to  i)ostdny  shift  assessments  only  for  the  Vigor 
factor.  Furthermore,  it  was  found  that  the  pre¬ 
shift  Vigor  .scores  on  lioth  schedules  were  higher 
for  day  than  mid  shifts,  but  after  shifts  this  was 
tnie  only  for  the  ft-day  schedule  (/><.05  or  better 
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for  each  oomptriaon).  In  addition,  acores  on 
the  Surgeney  factor  obtained  following  mid 
ahifta  tended  to  be  higher  on  the  2-2-1  than  the 
5>day  achedule. 


Aa  noted  in  the  analysia  of  controller  mood 
data  for  the  5-day  achedule  (aee  Smith,  Melton, 
and  McKenzie'),  controllers  on  the  2-2-1  rota¬ 
tion  alao  had  higlier  Friendly,  Concentration, 


IhBLE  VII 


Maan  Scoraa  for  tha  Ovarall  Affact  index  and  the  15  CHhCLMood 
Vactora  for  Air  Traffic  Controllara  Under  Twl  ihlft  Rotation  Schadulea. 


S-Day 

2-2-1 

Factor 

Tiae 

01-16) 

fH-20) 

Day  Nld  Day 

Evening  Mid 

Ovarall 


Index 

Fra 

7.43 

6.86 

7.00 

7.43 

6.81 

(1-9) 

Post 

7.05 

6.42 

6.87 

6.74 

6.43 

Aggression 

Pre 

8.4 

9.9 

8.2 

9.5 

8.2 

(6-54) 

Post 

7.2 

8.3 

8.8 

9.5 

8.7 

Anxiety 

Pza 

10.2 

11.6 

10.1 

10.8 

10.2 

(7-63) 

Post 

11.9 

12.2 

11.9 

10.8 

11.7 

Anxious 

Pra 

2.3 

1.7 

2.3 

3.0 

1.9 

(1-19) 

Post 

2.4 

1.6 

2.3 

2.3 

2.0 

Concent ra- 

Pra 

53.8 

49.3 

43.8 

53.1 

38.8 

tlon  (9-81)  Post 

44.1 

41.4 

41.1 

42.1 

36.4 

Depression 

Pre 

20.6 

24.1 

21.7 

21.9 

23.1 

(12-108) 

Post 

20.1 

24.2 

21.5 

22.4 

21.4 

Distrust 

Pra 

4.6 

5.4 

5.9 

7.0 

5.6 

(3-27) 

Post 

4.8 

4.5 

5.4 

5.6 

5.4 

Dlasy 

Pra 

5.0 

5.6 

4.3 

5.1 

4.6 

(4-36) 

Post 

5.4 

6.4 

5.1 

4.8 

7.4 

Fatigue 

Pre 

19.4 

32.4 

24.8 

16.6 

30.6 

(8-72) 

Post 

25.1 

45.4 

26.9 

30.7 

42.5 

Friendly 

Pre 

18.7 

16.4 

16.4 

19.5 

15.7 

(3-27) 

Post 

15.7 

14.2 

15.9 

15.6 

14.3 

Mon- 

cha lance 

Pre 

9.3 

9.4 

7.9 

8.9 

8.5 

(2-18) 

Post 

7.6 

9.4 

7.9 

8.6 

8.2 
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I4BLE  VII 
(ContliMMd) 

Mean  Scores  for  the  Overall  Affect  Index  and  the  15  CMACL  Mood 
Factors  for  Air  Traffic  Controllers  Under  Tmo  Shift  Rotation  Schedules. 


Schedule 


5.Day  2-2-1 


Factor 

Time 

(N-16) 

(IMO) 

Day 

Mid 

Day 

Evening 

Mid 

Slaapy 

Pre 

9.9 

17.9 

12.3 

7.3 

16.8 

(4-36) 

Poat 

14.2 

26.8 

13.9 

16.6 

24.4 

Social 

Affection 

Pre 

22.0 

20.0 

19.5 

23.4 

18.4 

(4-36) 

Poat 

19.6 

18.4 

18.9 

18.9 

16.7 

Surgency 

Pre 

25.9 

20.9 

22.8 

29.1 

21.3 

(5-45) 

Poat 

23.7 

17.6 

22.5 

20.7 

19.2 

Vigor 

Pre 

17.9 

12.9 

14.9 

20.1 

13.0 

(3-27) 

Poat 

15.2 

8.0 

13.5 

13.3 

9.5 

ZttckerMn 

Pre 

49.7 

58.1 

56.5 

48.4 

59.6 

Affect 

Adjective 

Checkllat 

(21-189) 

Poat 

46.6 

65.4 

61.1 

58.9 

64.9 

The  values  in  parentheses  represent  the  range  of  possible  scores 
on  each  factor. 


Social  Affection,  Vigor  and  Surgency  scores  be¬ 
fore  than  after  all  tj-jies  of  shifts  {p<M  or 
better  for  eacli  comparison).  Consistent  with 
these  findings,  scores  for  the  Fatigue  factor  were 
higher  after  shifts  on  both  schedules. 

The  scores  for  the  Sleepy  factor  tended  to  be 
higher  for  mid  than  for  day  shifts  for  both 
schedules  (p<.01  for  both  comparisons). 

It  was  noted  from  the  2-2-1  schedule  data  that 
feelings  tended  to  be  more  {Misitive  prior  to 
evening  shifts  than  prior  to  the  other  two  tyi)es 
of  shifts.  This  was  true  for  the  Concentration, 
Social  Affection,  Vigor,  Fatigue  and  Sleepy  fac¬ 
tors  {p<.0!i  oi  better  for  each  comparison). 


However,  jHwtevening  shift  scores  were  essen¬ 
tially  equal  to  those  from  mid  shifts  in  the 
Sleepy  and  Fatigue  factors,  and  were  equal  to 
scores  from  both  mid  and  day  shifts  on  the  re¬ 
maining  factors. 

C.  Attitude  and  Shift  Fxfferience  (Question' 
naiie.  The  mean  ratings  for  l)oth  controller 
groups  on  the  four  preshift  and  t^.ve  (lostshift 
questions  are  presented  in  Table  VIII.  Under 
lioth  rotation  si'hedules,  the  controllers  indicated 
that  they  looked  forward  more  to  (question  1) 
and  had  more  enthusiasm  for  (question  2)  day 
shifts  than  mid  shifts  (/»<.().'>  or  Iwtter  for  each 
•comparison).  Subjects  on  the  5-day  schedule 
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KLBLB  VIII 


Itean  Mtint  for  Prcahlft  and  Poatahlft  Quoaclonnalra  Itwaa 


_ iDtstlon  Schsdula _ 

5-dav 

_  2-2-L 

ATC8S 

fll-16) 

ATCSs 

fll-193 

Day 

Mid 

Day 

Evening 

Mid 

1.  Looking 
Forward  to 
Work 

3.48 

2.81 

3.11 

3.61 

2.61 

2.  EnChusiasn 

3.S4 

2.97 

3.24 

3.87 

2.72 

3.  General 
Feelings 

3.7S 

3.20 

3.53 

4.11 

3.39 

1.  General 

Feelings 

3.49 

2.81 

3.37 

3.47 

2.83 

2.  Tension 

.3.21 

3.56 

3.34 

3.47 

3.44 

3.  Peel  Good 
or  lad  About 
Shifts 

3.80 

3.32 

3.42 

3.53 

3.28 

4.  Statiafae* 
tion 

4.00 

3.51 

3.53 

3.63 

3.33 

5.  Difficulty 

2.77 

3.75 

3.19 

3.46 

4.24 

alao  indicated  that  tlieir  general  feelings  were 
better  before  day  than  mid  shifts  (question  3) ; 
howeter,  there  was  no  dilTerenoe  between  these 
shifts  on  this  question  for  tlie  2-^2-l  sclicdule. 
On  the  2-2-1  rotation  it  was  alao  found  that  on 
each  of  theae  three  questions  the  evening  shift 
was  rated  significantly  more  positive  than  the 
day  shift 

After  shifts  the  findings  for  general  Mings 
(question  1)  and  shift  difficulty  (question  3) 
were  the  same  for  both  rotation  schedules;  Ml* 
ings  were  more  positive,  and  shifts  judged  more 
difficult  for  day  than  mid  shifts.  Under  the 


5-day  erhedule  it  was  also  found  that  satisfaction 
with  tlie  shift  (question  4)  and  positi\'e  feelings 
about  the  shift  (question  3)  were  greater  for  day 
than  mid  sliifts.  There  were  no  differences  be¬ 
tween  types  of  sliifts  on  tliese  questions  for  the 
2-2-1  rotation.  It  was  also  found  that  ratings 
for  the  evening  shifts  were  equal  to  the  day  shift 
rating  for  each  postshift  item  on  this  rotation 
schedule. 

There  were  no  significant  correlations  between 
responses  to  the  questionnaires  and  STAI  or 
CMACL  response  trends. 
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TABLE  IX 


Coaparlson  of  Houra  of  Slcap  Prior  Co  Work 


Hackly  Average 


Shift 

Rotation 

Pattern 

Vfork  Day 

(Derived  froa  all 
participating 
subjects) 

1 

2 

3 

4 

5 

7:04 

6:58 

6:56 

7:11 

7:10 

6:58 

5*day  A 

1:03 

0:09 

0:57 

1:11 

4:40 

0:53 

(days) 

P* 

c  0.05 

N.S. 

<  0.05 

a  0.05 

a  0.01 

a  0.01 

8:07 

6:49 

5:59 

6:00 

2:30 

6:05 

2-2-1  g 

2:08 

1:15 

0:35 

0:11 

3:50 

0:06 

pee 

N.8. 

N.S. 

N.S. 

N.S. 

i  0.01 

N.S. 

S-day 

5:59 

5:34 

5:24 

5:49 

6:20 

5:59 

(■Id) 

^Blgnlficance  level  of  difference  between  valuea  on  day  ahlfta  and  2-2>l  rotation 
**81gnlflcance  level  of  difference  between  valuea  on  aild  ahlfta  and  2*2*1  rotation 


Sleep  Patteme 

Table  IX  ahowa,  day  by  day,  for  the  12  indi- 
vidiiala  who  participated  in  both  etudiea,  the 
houra  of  aleep  prior  to  work.  The  controllers  on 
the  5*day  rotation  alept  significantly  longer  at 
night  prior  to  day  shifts  than  tliey  did  in  the 
day  prior  to  mid  shifts.  These  same  controllers 
tm  the  2-2-1  rotation  slept  significantly  less  prior 
to  work  i  Han  they  did  prior  to  day  work  on  the 
5-day  rotation;  however,  the  one  mid  shift  in¬ 
cluded  in  the  2-2-1  sch^ule  substantially  low¬ 
ered  the  average  amount  of  sleep  because  most 
controllers  only  took  a  short  nap  prior  to  that 
single  mid  shift 

Every  day  on  the  2-2-1  schedule  is  a  quick 
turnaround  day.  The  amount  of  sleep  taken 
prior  to  day  2  is  not  significantly  different  for 
the  two  rotation  patterns;  on  day  3  the  control¬ 


lers  on  the  5-day  pattern  slept  an  average  of  57 
minutes  more  than  those  on  the  2-2-1,  prior  to 
day  4  the  group  on  the  5-day  rotation  alept  1 
hour  ..nd  11  minutes  longer,  and  prior  to  day  5 
the  controllers  on  the  5-day  rotation  slept  4 
hours  and  40  minutes  longer.  On  a  whole  week 
basis,  when  tlie  controllers  were  doing  day  work 
on  the  5-day  rotation,  they  slept  an  a\’erage  of 
1  hour  and  .36  minutes  longer  per  ni^t  than 
they  did  a  year  later  on  the  2-2-1  rotation.  How- 
e\'er,  when  the  single  mid  shift  is  not  included 
in  the  comparison,  on  the  2-2-1  rotation  they 
slept  an  average  of  18  minutes  more  than  they 
did  prior  to  the  first  4  days  of  the  5-day  rotation. 
When  a  week  of  work  on  the  2-2-1  rotation  is 
compared  with  a  week  of  mid  shifts,  it  de\’elop%. 
that,  on  the  2-2-1,  the  group  slept  an  a\'erage  of 
1  hour  and  2  minutes  more  per  night  than  they 
did  prior  to  5  straight  mid  siiifts. 
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IV.  DiseaMloii. 

Phytiological-liiochemical  Measures 

A.  Mid  shift.  With  regard  to  mid  shift  work, 
the  two  rotation  ijattenis  can  be  differentiated 
on  the  basis  of  heart  rate.  The  mean  heart  rate 
for  all  work  (losilions  for  the  entire  week  on  the 
5-day  rotation  was  significantly  lower  than  it 
was  for  the  one  mid  sliift  on  tlie  2-2-1  rotation. 
Heart  rates  during  day  work,  liowever,  were 
equal  on  the  two  rotations.  Since  the  mid  siiift 
mean  heart  rate  for  all  |)oeitions  on  tlie  2-2-1 
rotation  was  equal  to  the  day  shift  lieart  rates, 
the  difference  is  obviously  due  to  depression  of 
the  heart  rate  lielow  the  day  rate  (indeed,  below 
the  prework  rate)  on  tlie  5-day  rotation  rather 
than  to  an  elevation  of  heart  rate  above  the  day 
rate  on  the  2-2-1  rotation.  The  reason  for  the 
difference  is  not  readily  apparent:  however,  it 
should  lie  home  in  mind  that  (vmditions  on  the 
two  rotation  patterns  are  not  strictly  comparable. 
When  tlie  daily  means  of  heart  rate  on  the  5-day 
rotation  are  ^.‘aplietl,  there  is  a  linear  increase 
oi’er  the  five  mid  shifts.  The  fifth  mid  shift 
gives  rise  to  a  mean  heart  rate  (Tfi  bpni)  that  is 
not  significantly  different  from  the  mean  heart 
rate  on  the  single  mid  shift  on  the  2-2-1  rotation 
(81  bpm).  Thus,  the  difference  can  |irobably  be 
accounted  for  by  averaging  of  the  lieart  rates 
over  the  five  mid  shifts. 

Tlie  urinary  variables  show  that  there  are  only 
two  lioints  of  significant  difference  between  tlie 
two  groups,  a  significantly  elevated  adrenocorti¬ 
cal  response  and  a  natriiiresis  on  tlie  2-2-1  rota¬ 
tion.  The  values  for  day  sleep  (M-.*(  specimens) 
indicate  that  a  week  of  mid  shifts  is  about  twice 
as  stressful  as  a  week  of  work  on  the  2-2-1 
rotation. 

B.  Dag  shift.  The  mean  heart  rates  for  all 
subjects  for  all  tower  {lositions  are  equal  for  the 
two  rotation  schedules. 

Urine  chemistry’  shows  several  points  of  sig¬ 
nificant  difference  in  response  to  work  on  tlie 
two  rotation  schedules.  Syni|Hitlielic  arousal,  as 
indicated  by  norepinephrine  excretion,  is  greater 
on  tKe  .5-day  rotation  than  on  the  2-2-1.  Adre¬ 
nocortical  lei-el  of  activity  is  significantly  ele¬ 
vated  on  the  5-day  rotation.  Though  dietary 
factors  are  difficult  to  assess,  the  excretion  of 
sodium  is  enhanced  on  the  2-2-1  rotation,  sug¬ 
gesting  a  reduced  secretion  of  mineralocorticoids. 


Plasma  phospholipids  are  indicatii’e  only  of 
the  entire  weeks  work,  since  blood  siiecimens 
were  drawn  on  the  first  and  last  days  of  the  sliift. 
Tlie  phosphatidyl  glycerol  data  show  that  the 
5-day  rotation  was  significantly  more  stressful 
than  was  tlie  2-2-1.  It  is  important  to  note  the 
difference  in  phosphatidyl  giycerol  levels  in  the 
prework  specimens.  Tlie  level  of  this  stress  in¬ 
dicator  is  significantly  lower  in  the  controllers' 
blood  on  the  2-2-1  rotation.  This  finding  can 
IKMsibly  lie  attributed  to  the  extended  weekend. 
The  amplitudes  of  the  changes  in  phosphatidyl 
glycerol  levels  are  not  significantly  different  over 
the  week's  work  for  the  two  rotation  patterns. 

Psychologiced  Measuns 

Tlie  results  indicate  that  controllers  at  this 
facility  find  their  work  fatiguing,  moderately 
anxiety  arousing,  and  satisfying.  These  trends 
were  present  under  both  shift  schedules,  tliere 
lieing  relatii-ely  little  difference  between  these 
schedules  on  any  of  the  measures  obtained  under 
these  scliedulcs.  Tliere  was  some  evidence  that 
affect  states  associated  with  day  shifts  were 
somewhat  less  positive  for  the  2-2-1  than  the 
5-dny  schedules.  However,  this  may  have  been 
in  |>art  a  function  of  the  added  assessment  of 
evening  shifts  for  the  2-2-1  schedule.  In  other 
words,  the  referent  for  this  group  may  have  been 
somewhat  different  than  for  the  5-day  group, 
since  no  rating  of  evening  shifts  was  obtained 
for  the  5-day  schedule. 

There  was  clear  agreement  that  mid  shifts  are 
associated  with  stronger  negative  feelings  than 
day  or  evening  sliifts.  These  data  are  thus  con¬ 
sistent  with  otlier  findings'**  concerning  the  atti¬ 
tudes  of  controllers  toward  their  work;  it  has 
been  determined  in  the  surveying  of  controllers 
at  a  variety  of  facilities  that  the  aspect  of  ATC 
work  which  they  disliked  the  most,  and  signifi¬ 
cantly  more  than  any  other  asiiect  of  their  work, 
was  working  the  mid  shift. 

The  findings  with  resiiect  to  anxiety  suggest 
that  controllers  tend  to  experience  somewhat 
more  anxiety  (A-state)  while  doing  ATC  work 
than  they  do  on  the  average  in  other  settings 
(A-trait).  However,  the  degree  of  anxiety  ex¬ 
perienced  during  work  is  probably  well  within 
normal  limits  as  tlie  mean  A-State  Scale  score 
for  the  controllers  corresponds  to  approximately 
the  42nd  percentile  for  normal  college  under¬ 
graduate  students.  It  also  appears,  at  least  by 
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Pionuc  2.  CompaiiMMi  of  plamna  pboapbollplda  In  Tar> 
loua  atrwatd  and  iKMi-airnawd  Kroupa. 

Student  standards,  that  general  anxiety  or  A-trait 
lex'cls  are  quite  low  as  the  mean  A-trait  score  for 
controllers  is  equivalent  to  the  24th  percentile 
according  to  such  normative  data.  It  thus  ap¬ 
pears  that  while  ATC  work  may  cause  some 
moderate  anxiety  arousal  in  controllers,  the  re¬ 
sulting  anxiety  level  is  well  within  ^normal" 
limits. 

The  major  outcome  of  work  appeared  to  lie 
increased  feelings  associated  with  fatigue;  how- 
et-er,  as  noted,  shift  schedule  had  relatively  little 
effect  on  such  feelings.  Tlie  CMACL  factors 
which  showed  the  greatest  effects  were  those  as¬ 
sociated  with  ^ph^wical”  conditions  such  as 


SUepy,  Fatigue,  or  Vigor.  In  addition,  there 
was  evidence  of  decreased  socialiilily  at  the  end 
of  the  shift.  These  effects  were  greater  for  the 
mid  shift,  even  though  uurk  load  is  lowest  for 
the  mid  shift,  whicli  suggests  that  boredom  at  J 
inactivity  in  a  situation  which  demands  vigilance 
may  be  a  most  important  factor  in  judged 
“fatigue”  level. 

Sleep  Pattema 

While  there  are  significant  differences  between 
the  two  shift  {lattems  reflected  in  tlie  controllers' 
liody  chemistry,  generally  favoring  tlie  2-2-1 
rotation,  it  should  lie  carefully  iminted  out  that 
neither  group  significantly  differed  from  the 
general  iiupulation.  Under  low-stress  conditions 
it  would  not  be  expected  that  any  sort  of  opera¬ 
tional  deficiency  would  result  from  the  shift  ro¬ 
tation  iMttem  alone.  However,  in  a  hi^-streas 
situation  any  additionally  stressful  factor  would 
be  expected  to  increase  the  ])otential  for  error, 
and  it  is  commonly  believed  that  the  quick  turn¬ 
around  feature  of  the  2-2-1  rotation  constitutes 
such  an  additional  stress.  It  has  been  generally 
assumed  that  controllers  on  the  6-day  rotation 
will  utilize  a  full  8  hours  of  their  16-hour  off 
period  for  sleep,  thus  returning  to  work  fully 
rested  and  capable  of  meeting  the  most  rigorous 
demands  of  tlieir  job.  The  data  for  sleep  pat¬ 
terns  indicate  that  such  an  assumption  is  not 
entirely  valid.  It  is  of  interest  that  most  con¬ 
trollers  deliberately  take  mily  a  sliort  nap  prior 
to  working  tlie  one  mid  shift  on  the  2-2-1  sched¬ 
ule.  They  explained  that  by  so  doing  they  would 
be  tired  enough  at  the  end  of  the  shift  to  sleep 
well  during  the  day,  tlien  tliey  would  be  rested 
for  tlie  weekend  and  their  normal  day-night 
schedule  would  not  be  seriously  disnipted.  Con- 
trarily,  on  the  .’>-day  rotation  controllers  com¬ 
monly  complain?d  that  after  .6  consecutive  mid 
sliifts  their  whole  weekend  was  devoted  to  trying 
to  become  readjusted  to  day  wakefulness  and 
night  sleep. 

At  Houston,  when  the  .’V-day  rotation  was  in 
effect,  controllers  worked  a  week  of  evenings, 
then  a  week  of  days,  tlien  another  week  of  eve¬ 
nings,  tlien  another  week  of  days,  tlien  a  week  of 
mid  sliifts.  Five  weeks  were  required  to  com¬ 
plete  the  entire  imttem  of  duty  jieriods.  Data 
were  not  collected  on  evening  shifts  in  that  study: 
however,  it  is  probably  a  valid  assumption  that 
the  controllers  slept  about  the  same  amount  as 
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they  did  prior  to  tlie  day  shift.  Assuming  that 
a  controller  worked  mid  shifts  every  iith  week, 
an  extrapolation  of  the  sleep  data  shows  that  lie 
would  sleep  an  average  of  6  lioura  and  40  minutes 
out  of  every  24  hours.  On  the  2-2-1  rotation  tie 
would  sleep  an  average  of  0  hours  and  OA  min¬ 
utes,  a  difference  of  11  minutes  per  niglit  oi-er  a 
5-week  period. 

Strong  managerial  reasons  may  lead  to  the  se¬ 
lection  of  one  or  the  other  of  the  shift  rotation 
patterns,  but  physiologically  and  psycholog'cally, 
such  a  strong  case  could  not  be  made  at  Houston. 


There  is  no  evidence  that  controllers  suffer  un¬ 
usual  changes  in  anxiety,  affect  or  attitude  as  a 
function  of  working  under  either  schedule.  If  a 
choice  were  to  be  made  baaed  on  tlie  controllers' 
ph}eiological  resfionses,  it  would  have  to  be  the 
2-^1  rotation.  Studies  similar  to  the  one  de¬ 
scribed  here  are  being  planned  at  one  or  more 
high-density  facilities,  employing  different  shift 
rotation  jiattems.  In  those  studies,  data  will  be 
collected  on  day,  evening,  and  mid  sliifts  on  the 
5-day  rotation  in  order  to  provide  a  better  coni- 
liarison  with  the  2-2-1  rotation. 
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Appendix  I 


Fora  I 

1.  How  mich  are  you  looking  forward  to  working  today? 

very''«ucR  quite  a  bit  aoM  not  auch  not  at  all 

2.  How  enthualaatlc  do  you  feel  about  doing  ATC  work  today? 

very  high  high  eoM  little  not  at  all 

3.  In  general,  how  do  you  feel  today? 

excellent  good  o.k.  poor  bad 

4.  How  tenae  do  you  now  feel? 

very  tenae  amderately  tenae  allghtly  tenae  no  tenalon  completely  relaxed 

Fora  IX 

1.  How  do  you  generally  feel  now,  after  the  end  of  a  day'a  ATC  work? 

excellent  good  o.k.  po<»  'l>ad 

2.  How  tenae  do  you  feel  now? 

very  tenae  moderately  tenae  allghtly  tenae  no  tenalon  completely  relaxed 

3.  How  do  you  feel  about  today* a  ahlft? 

very  good  good  o.k.  bad  very  bad 

4.  How  aatlafled  were  you  with  today'a  ahlft?  * 

very  aatiafled  aatlafled  neither  aatlafled  dlaaatlafled  very 

nor  dlaaatlafled  dlaaatlafled 

How  difficult  waa  today'a  ahlft? 

very  difficult  difficult  neither  dlfflcuTt  eaay  very  eaay 

nor  eaay 


5. 


